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Abstract 
Dipterocarpaceae is the main species of tropical rain forest in Indonesia, Malaysia, Brunei and Phillippines and it 
ranges in eastwards as far as eastern New Guinea. This species is primary product in tropical rain forest of forest 
concessions. Recently, the quality and quantity of tropical rain forest are decreasing because of the land convertion 
become forest plantation; illegal logging and shifting cultivation. One of the strategies to reduce the forest 
degradation is enrichment planting on logged over forest (LOA) using dipterocarps species. The plantation trial was 
established with two (2) spacing, two (2) fertilizer dosages and five (5) Shorea spp as treatment to support the 
enrichment planting program in LOA. The research design was split-split plot design with 4 replications. The main 
plot was 2 spacings i.e. 6x2 m ; and 6x4 m. The sub plot was 2 dosages of NPK Fertilizer i.e. 0 and 100 gr species-1 . 
The sub-sub plot was 5 species of Shorea spp., i.e. Shorea leprosula, S.platyclados, S.parvifolia, S.virescens and 
S.johorensis. Each treatment was established in sguare plot (4x10 trees/treatment). The reserach result showed that 
spacing, fertilizer dosage and interaction between treatmens were not significant, while species was significant at 
dipterocarps early growth. The highest growth was S.leprosula of DBH and high variables where the 
value of DBH and high variables were 8.90 cm (2.9 cm.year-1 of mean annual increment/MAI) and 6.31 m (2.1 m. 
year-1 of MAI) respectively. The lowest growth was S.virescens both on high and DBH variables where the value of 
DBH and high were 2.27 cm. year-1 and 1.40 m. year-1 respectively. 
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1. Introduction 
Dipterocarpaceae is the main species of tropical rain forest in Indonesia, Malaysia, Brunei and the 
Phillippines and it ranges eastwards as far as eastern New Guinea [1]. In Indonesia, the species of 
dipterocarpaceae is dominated in Sumatra and Borneo Island where the number of dipterocarps species 
are 106 (10% endemicity) and 267 (58% endemicity) [2]. Dipterocarpaceas in the forest is harvested to 
produce wood product because the wood is  categories as fancy wood. The timber of dipterocarps (round-
wood logs) was 25% from total global consumtion of tropical hardwood [3]. In the primary forest at 
tropical rain forest the wood valume was estimated 211.75 m3 ha-1 where dipterocaps was 86,9% of total 
volume [4]. 
Recently, the quality and quantity of tropical rain forest are decreasing because of land convertion 
become forest plantation; illegal logging and shifting cultivation activity. They will increase the loss of 
biodiversity in both species and genetic levels. On the other hand, the forest function such as corbon sink, 
hidrology, non wood product will disappear. Moreover, in natural forest of tropical rain forest, the total 
growth rate for all species was about 0.22 cm.years-1 and the dipterocarps growth was 0.40 cm.years-1  
[5]. This data indicates that the  sustainability forest management (SFM)  is not achieved without 
enrichment planting especially using dipterocarps species. This activity has 2 advantages, those are by 
improving  the quality and quantity of tropical rain forest to be harvested in the next rotation and also 
conserving the dipterocarps as indegenous species to stay exist. In this paper we review the silviculture 
treatment to increase the forest productivity of tropical rain forest by using Shorea spp where the 
objectives of this research were to identify spacing, fertilizer dosage and also species of Shorea spp to 
have an optimal growth. 
2. Methods 
The research was conducted in Sari Bumi Kusuma forest company concession, Central Kalimantan 
(00o -01o -
was used to manage forest area was selective cutting and line planting system where the DBH limit 
allowed to be harvested was 40 cm up [5] and artificial regeneration was conducted to reach the forest 
area using selected dipterocarps in line plating system [6]. The climate type is type A (Schmit and 
Ferguson) where mean annual rainfall was 3,730 mm.years-1 and the number of raining days varied  from 
95 to 112 days. 
The research design was split-split plot with 4 replications. The main plot was 2 spacing i.e. 6x2 m ; 
and 6x4 m. The sub plot was 2 dosages of NPK Fertilizer i.e. 0 and 100 gr species-1. The sub-sub plot was 
5 species of Shorea spp., i.e. Shorea leprosula, S.platyclados, S.parvifolia, S.virescens and S.johorensis. 
Each treatment was established in sguare plot (3x10 trees/treatment). The observation was to measure in 
inner plot (8 trees/treatment) every 6 month. The parameter observed were height and diameter breash 
height (DBH). Land preparation in each block was done by cutting all vegetation in the research area 
therefore sunlight could raise on forest floor. 
3. Result and Discussion 
3.1 Survival Rate 
The survival rate of dipterocarps tested varied from one to another. The highest of survival rate was 
S.johorensis (93%) and followed by S.leprosula, S.parvifolia, S.platyclados and S.virescens that were 
91.8%, 85.5%, 78.1% and 65.2% respectively (Fig 1). The survival rate in this research was relatively 
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higher than species trial in Kintap trial area, South Kalimantan [7], where the survival rates of 10 species 
tested varied from 5 to 78%. 
  
Fig 1.  Survival rate of Dipterocarps at 3 years after  planting 
The survival rate of  dipterocarps decreased in first years and remained stable at 2 years after planting. 
It also showed that dipterocarps has adapted with site condition where microclimate had been suitable to 
support the early dipterocarps growth. Most dipterocarps usually need shading to achieve the optimal 
growth and survival in the first establishment stage  [8]. However, S.johorensis and S.leprosula were 
more resistant on availability of sunlight than other dipterocaps. Hence, they could be easily established 
in open planting that has high heat and temperature stress in the early plantation establishment. The 
research result indicated that ecology of each species had crucial role in survival of the trees [9]. 
S.johorensis and S.leprosula were light demanding of Shorea genus and display high survival and growth, 
S.parvifolia and S.platyclados were moderate light demanding and S.virescent was the most shade 
tolerance and has slowest growth of selected species. 
S.johorensis and S.leprosula could be recommended as main species on rehabilitation of tropical rain 
forest using line planting method. This method was applied in distance of 2.5-5 m in line planting and 20 
m between lines that will ensure the high productivity of the plantation forest yet it causes very limited 
disturbance on the existing LOA ecosystem [10, 11]. Lines with undisturbed existing plants of 17 m wide, 
or 85% of total space is applied to maintain and even increase the ecosystem biodiversity, while the gap 
opening of 3 m line (15% of total space) is implemented to allow light to enter planting lines optimally.  
3.2 Growth of DBH and High Trees 
The result of statistical analysis using ANOVA showed that species of dipterocarps tested was 
signifi
the treatment of spacing; fertilizer dosage and interaction between treatments were not significant at 
 growth of spacing 6x2 m and 6x4 m were 
7.28 cm (± 0.72 cm) and  7.83 cm (± 0.33 cm) while the high growth of spacing 6x2 m and 6x4 m were 
5.14 cm (± 0.28 cm) and 5.29 cm (± 0.34 cm) respectively (Fig. 2). It showed that the spacing did not 
affect the growth both in DBH and on the early growth of dipterocarps. On the other hand, the stand basal 
area at 3.5 after planting of the spacing treatment was different it was 3.47 m2.ha-1 (spacing 6x2 m) and 
2.01 m2.ha-1 (spacing 6x4 m). 
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Placing fertilizer dosage of NPK resulted that the growth of DBH variable was 7.60 cm  (± 0.45 cm) 
and  7.56 cm (± 0.34 cm) on the 0 and 100 gr NPK per tree respectively. On the high variable, the 
treatment of 0 and 100 gr NPK per tree resulted 5.23 cm (± 0.34 cm) and 5.22 cm (± 0.18 cm) (Fig 2). It 
may be caused by land preparation technique on the dipterocarps plantation where planting hole 40 cm x 
40 cm x 30 cm size is made, and soils mineral of Horizon-A is added.  In general, nutrient concentrations 
in the horizon  A was organic matter accumulation on the top soil would increase C-organic content, 
P2O5, Ca, Mg, K and Na. This value has positive correlation with cation exchangeable capacity (CEC).. 
Adding nutrient from the horizon A is very important to provide nutrient to support growth of 
dipterocarps because soil type in the research location is Ultisol where nutrient concentrations especially 
Ca, Mg and K were very low. 
 
Table 1. Analysis of variance on silviculture treatments (spacing, dosage and dipterocaps species) 
Source DF Mean Square Pr > F 
DBH High DBH High 
Blok 3 2.629 1.960     
Spacing 1 5.940 0.378 0.34ns 0.34 ns 
Error a 3 4.290 0.299     
dosage 1 0.005 0.001 0.96 ns 0.95 ns 
dosage x spacing 1 5.725 0.666 0.08 ns 0.17 ns 
Error b 6 1.311 0.270     
Species 4 13.660 9.863 <.0001** <.0002** 
Species x spacing 4 1.604 0.818 0.17 ns 0.05 ns 
Species x dosage 4 0.559 0.283 0.68 ns 0.48 ns 
Species x spacing x dosage 4 1.599 0.435 0.17 ns 0.27 ns 
Error c 48 0.956 15.468     
Total 79 155.850 30.441     
Note:  ns= non significant; * = significant at 0.05 level of probability ; ** = significant at 0.01 level of probability 
 
Fig. 2. The spacing and fertilizer dosage of NPK did not affect growth significantly at DBH and height variables. 
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The highest growth was S.leprosula of DBH and high variables where the value of DBH and high 
variables were 8.90 cm (2.9 cm.year-1 of mean annual increment/MAI) and 6.31 m (2.1 m. year-1 of MAI)  
respectively. This species recorded to growth in lowland dipterocarps forest and lower hill slopes and 
valleys in hill dipterocarps forest with attitude up to 700 m above sea level [1]. It has wide range 
ecological including in Thailand (Pattani), Peninsular Malaysia, Sumatra, Bangka, Belitung dan all 
Borneo areas. It is one of the fastest growing species of Meranti, it grows fast to the age of 20 years and 
will be suppresed by other red meranti [1]. S.leprosula has mean annual increment (MAI) 0,75-1,2 cm. 
year-1 for DBH [11]. S.parvifolia had a growth of DBH and high variable that were 7.85 cm (2.6 cm.year-1 
of  MAI) and 5.30 m (1.8 m. year-1 of MAI)  respectively. It can be found on clay soil in hill below 800 m 
above sea level and  it has fast grower. In present research result, the growth of DBH was higher than in 
FRIM Malaysia, the MAI DBH is 1.2 cm.year-1. 
 
Fig. 3. (a) The DBH growth of 5 dipterocarps species; (b) The  high growth of 5 dipterocarps species 
S.johorensis had a growth of DBH and high variable that were 6.81 cm (2.4 cm.year-1 of  MAI) and 
5.13 m (1.7  m. year-1 of MAI)  respectively. It has naturally distribution in Peninsular Malaysia, Sumatra 
and widely spread to Borneo. It needs site with well drained alluvium and undulating soil that could be 
found up to 600 m above sea levels [1]. S.playclados had a growth of DBH and high variable that were 
7.30 cm (2.18 cm.year-1 of  MAI) and 4.92 m (1.07 m. year-1 of MAI)  respectively. It has widely spread 
in lower montana forest usually between 700 to 1,300 m sea above sea level, in penisnsilar Malaysia, 
occasionally down to 200 m in valley bottoms near mountain contrast with in Borneo which is down to 70 
m above sea level. In lowland plantation, the MAI DBH is 2 cm.year-1 [12]. The lowest growth was 
S.virescenst both on high and DBH variables that were 2.27 cm.year-1 and 1.40 m. year1 respectively (Fig 
2). S.virescenst has narrowed widespread and can be found on flat and undulating land and hill to 800 m 
sea above level; fertile clay loams. 
The growth performance of three species were Shorea parvifolia, S.johoriensis and S.leprosula is 
better than the same species reported by Adjers et al. [7] and Kustiawan and Unger [13]. In Adjers et al. 
[7] reported that in 2 year height  after planting of Shorea parvifolia, S.johoriensis and S.leprosula was 
less than 2.5 m. Meanwhile, Kustiawan and Unger [13] showed that the growth of 1 year-old after 
planting of S.leprosula was 1.37 m, while in our research the highest growth of S. leprosula of 1 year-old 
was 2.1 m. This might be due to the better land preparation technique where in this research was used 
horizon-A added on the hole plantation and also the upper soil layer in the research location remained 
continuously moist. 
The evaluation of silviculture treatments to support dipterocarps growth indicated that in the early 
stage of their growth was not affected by spacing and fertilizer growth. However, the chosen of 
dipterocaps species is important to get success on large scale of dipterocarps plantation because each 
species of dipterocarps has different type of growth characteristics and micro-climate requirement to get 
high survival and growth [2]. The reseach results also showed that Shorea leprosula, S.platyclados, 
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S.parvifolia, and S.johorensis were suitable to be chosen as planting source on enrichment planting of 
selective cutting and line planting silvicultural system because without enrichment planting with 
appropiate species tropical rain forest will enter into stages of degradation and fragmentation [14]. 
4. Conclusion 
Application of silviculture treatment (spacing and fertilizer treatment) and interaction between 
treatments was not significanly increased the early growth rate of dipterocarps. The average growth rate 
of Shorea spp was tested significantly and the highest and the lowest growth of DBH and high variables 
was S.leprosula and S.virescens respectively. It would be necessary to apply the next research about a 
combination of dipterocaps species choosing and specific silviculture treatment to increase the 
productivity of tropical forest. Therefore, the long-term sustainability of managed natural forests can be 
achieved.  
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